OBJECTIVE: The aim of this study was to identify speci®cally which biochemical indices predict excessive weight gain over time in a cohort of pre-pubertal children. SUBJECTS: Fifty nine healthy pre-pubertal children (age: 6.3 ± 9.8 y). MEASUREMENTS: Children were de®ned anthropometrically and biochemically at baseline. Height and weight measurements were then repeated after six (n 52) and 12 months (n 37). RESULTS: Weight change after six months (de®ned by a change in body mass index (BMI) z-score from baseline) demonstrated no correlation with fasting plasma levels of leptin, insulin, insulin:glucose (IG) ratio, cholesterol, triglyceride or high density lipoprotein (HDL) cholesterol. However, after 12 months there was a signi®cant negative correlation between BMI z-score change and initial plasma leptin (r À0.35, P 0.048) and this relationship strengthened when adjusted for body fat (from bio-electrical impedance; r À0.46, P 0.009). In addition, there was a signi®cant positive relationship between plasma total cholesterol and BMI z score change (r 0.38, P 0.03) and this relationship remained unchanged when adjusted for body fat. No relationship was observed between weight change after 12 months and plasma levels of insulin, IG ratio, HDL cholesterol or triglyceride. CONCLUSION: Plasma leptin and total cholesterol were found to be predictive of weight gain over 12 months in a cohort of pre-pubertal children. These two potential predictors can be readily measured in clinical practice and these ®ndings may represent a method of de®ning the`at risk of obesity' state in childhood.
Introduction
There is evidence in Western countries that not only is a signi®cant proportion of the paediatric population overweight or obese, but also that the prevalence of overweight and obesity in this age group is increasing. 1, 2 The most signi®cant consequence of childhood obesity is the increased risk of adult morbidity and mortality, independent of the effect of adult obesity. 3 There is now increasing focus on prevention and intervention in obesity therapy. Although childhood and adolescent obesity account for only 30% of cases of adult obesity, 4 there are a number of reasons as to why prevention and early intervention of obesity should be directed at paediatric groups. The potential for height growth moderates pure weight gain. Behavioural patterns are still developing and are more adaptable in childhood, which may allow more effective intervention measures. In addition, the medical and psychosocial mortality and morbidity associated with obesity are well established by adulthood and management at this later age has proved to be dif®cult with poor outcomes. 5 To attempt the prevention of childhood obesity, it would be clinically useful to have a predictive parameter or set of parameters with which to de®ne an`at risk' state of obesity. At the present time, no such biochemical parameter(s) has(have) been identi®ed. Plasma insulin, serum lipid and lipoprotein levels, and body mass index (BMI) have all been shown to track from childhood into early adulthood. 6, 7 Variables that have been implicated as predictors of obesity include parental overweight 8 and a lowered basal metabolic rate (BMR). 9 However, to date, few studies have explored the possibility of an easily measured biochemical parameter(s) predictive of weight gain during childhood. Such a parameter could then be used as a clinical screening tool to identify those children at risk of developing obesity. The aim of this study, therefore, was to identify speci®cally which biochemical indices might predict excessive weight gain over time in a cohort of pre-pubertal children.
Methods
This study is part of a larger investigation exploring genetic and environmental factors in the development of obesity in pre-pubertal children. The study protocol was approved by the Ethics Committee of Central Sydney Area Health Services.
Subjects
Families who participated in the study had at least one parent agreeable to participate, at least one pre-pubertal child aged 6.0 ± 9.9 y, and a family commitment to continue follow-up for at least three years. The prepubertal state was de®ned by maternal report and self report by comparison with diagrammatic Tanner puberty stages. 10 This latter method compares well with observer-staging of puberty. 11 The lower age limit was chosen to ensure a degree of co-operation with blood collection and other aspects of the wider study not reported here. Recruitment was undertaken through advertising in the investigating institution and in non-government schools in the local area.
Procedure
Subjects attended the study site after an overnight fast (minimum 9 h). Prior to the study day, each family received a demographic questionnaire which they were asked to complete and return on the testing day. At this time, each form was checked for accuracy and completeness.
Anthropometry. Height and weight were measured using standard techniques while the subject was wearing light clothes and bare-foot. Height was measured to the nearest 0.1 cm and weight to the nearest 0.1 kg. BMI (kgam 2 ) was calculated for each subject and was expressed as a BMI z-score and percentile using NCHS reference values. 12 This method was used to standardise the BMI value for age and gender.
Body composition. Body composition was determined using bioelectrical impedance analysis (BIA). BIA was performed using a BIA 101 instrument (RJL Systems, Detroit, Michigan). Lean body mass and fat mass were calculated using the regression equation of the manufacturer, a patented equation which has not been released. In our hands, in a paediatric population, this BIA measure is in agreement with body fat as estimated by the sum of skinfolds.
Biochemistry. Fasting venous blood was collected following application of a local anaesthetic cream at the venepuncture site, to minimize any discomfort. Plasma was assayed for glucose, total cholesterol, triglycerides, high density lipoprotein (HDL) cholesterol, insulin and leptin. Plasma glucose, total cholesterol, and triglycerides were measured using a multichannel analyser in the Department of Clinical Biochemistry (Hitachi 747, Boehringer Mannheim). HDL was analysed by enzymatic procedures on the supernatant obtained after dextran sulfateamagnesium chloride precipitation of very low density lipoprotein cholesterol and low density cholesterol using Cobas Fara 2 (Roche, Basle, Switzerland). Plasma insulin was measured in the hospital's diagnostic endocrinology laboratory by a microparticle enzyme immunoassay (Abbott Laboratories, Dainabot, Tokyo, Japan). The inter-assay coef®cients of variations are 6.5, 6.3 and 5.2% for controls with mean values of 54, 269 and 807 pmolal (n is 43, 46, 44 respectively). The intraassay coef®cients of variation are 3.4 and 1.9 for the two patient samples with mean values of 40 and 90 pmolal respectively (n 5). An index of insulin sensitivity was obtained from the fasting insulin:glucose (IG) ratio. Leptin levels were determined by radioimmunoassay (RIA) in the Human Nutrition Unit, University of Sydney, using a commercially available kit (Linco Research, Inc.). The published intra-assay coef®cients of variation are between 3.4% and 8.3% and the inter-assay coef®cients of variation are between 3.0% and 6.0%.
Follow-up
At six and 12 months after the initial assessment, the children's height and weight were re-measured. Weight gain or loss was de®ned as the change in BMI z score between baseline and six months, and baseline and 12 months. No weight management intervention was provided to any family.
Statistical analysis
Results are expressed as mean AE standard error of the mean (s.e.m.). Student's t-test or analysis of variance (ANOVA) were used for comparison of variables among boys and girls. Pearson and adjusted (partial) correlation coef®cients were calculated to test the relationship between weight change and the variables. Plasma insulin, IG ratio, leptin and triglyceride levels had a skewed distribution and were therefore log 10 transformed to approach a normal distribution. A twosided P-value`0.05 was considered statistically signi®cant. The statistical analyses were performed using NCSS 6.0 Statistical Systems for Windows (Kaysville, Utah, 1995).
Results
Fifty nine pre-pubertal children (30 M, 29 F) from 43 families were recruited in the initial assessment phase. To date, 52 children have reached the six month review and 37 have reached the 12 month review. No signi®cant differences in baseline variables were observed between children who have so far attended follow-up and those who have not. Of the total sample 92% of the children were of AngloAustralian ethnic origin, with the remaining of Italian descent. Data analysis was performed with and without the Italian subjects and no signi®cant differences were observed.
Predictors of pre-pubertal weight gain SE Byrnes et al Anthropometric characteristics of subjects Table 1 shows the age, anthropometric and body composition variables examined in the children at baseline. The mean age of the children was 8.6 y, found to be similar for both boys and girls. No signi®cant gender differences were observed for height, weight, BMI percentile and BMI z-scores. The range of BMI z-scores indicated recruitment achieved a range of childhood weights. The representativeness of this cohort was con®rmed by comparing the distribution of BMI z-scores with the distribution of BMI z-scores in the NCHS reference values. The mean BMI z-score for the present cohort was slightly, but not signi®cantly, higher than the reference population median value of 0. Girls demonstrated a signi®cantly lower mean lean body mass and a signi®cantly greater mean fat mass than boys (P`0.001).
Biochemical characteristics of subjects Table 2 shows the results for the biochemical variables examined in the children at baseline. No signi®cant gender differences were observed in the plasma lipid pro®le or plasma glucose values. Girls had signi®cantly higher mean values of plasma insulin and plasma leptin, and a signi®cantly higher mean IG ratio when compared with boys (P`0.001). Body fat was signi®cantly positively correlated with plasma leptin (r 0.76, P`0.01) and IG ratio (r 0.57, P`0.01). When adjusted for body fat, the gender differences for IG ratio and plasma leptin values were no longer present. Body fat was also found to correlate positively with plasma triglyceride values (r 0.54, P 0.0001) and negatively with plasma HDL (r À0.36, P 0.009). No relationship was seen between body fat and plasma total cholesterol (r À0.04, P 0.762).
Correlation analyses between weight change and biochemical parameters Weight change was calculated by a change in BMI z-score. At 12 months the mean BMI z-score change was À0.11 AE 0.12 (Range ± 1.05 to 0.7) for males and À0.12 AE 0.10 (RangeÀ1.56 to 0.55) for females. There was no signi®cant difference between males and females. Weight change after six months demonstrated no correlation with leptin, insulin, IG ratio or lipids. However, as shown in Table 3 , after 12 months there was a signi®cant negative correlation between BMI z-score change and leptin levels and this relationship strengthened when adjusted for body fat. Similarly, after 12 months there was a signi®cant positive correlation between BMI z-score change and total cholesterol, and this relationship remained identical when adjusted for initial body fat content. No relationship was observed between weight change over 12 months and plasma insulin, IG ratio, triglyceride or HDL values.
Discussion
The purpose of this study was to identify prospectively which biochemical indices might predict excessive weight gain over time in a well de®ned cohort of pre-pubertal children. Plasma leptin at baseline was negatively correlated with weight gain over a 12 month period and this association strengthened when adjusted for body fat. In addition, total cholesterol at baseline was found to positively predict weight gain over the same period of time. To the authors' knowledge, this represents the ®rst study to demonstrate an association between plasma leptin and body weight gain, and plasma total cholesterol and body weight gain, in children. The relationship observed between leptin and weight gain suggests that those children with lower leptin levels have a greater weight change over time, independent of body fat. This result is consistent with the observations that leptin de®cient obaob mice are found to be heavier than mice with leptin values in the normal range. 13 Similarly these results are in keeping with the recent observation that female adolescents with a lower nocturnal rise in serum leptin accumulated greater body fat over a six-month period.
14 In addition, in a group of Pima Indian adults, it has recently been reported that those prone to weight gain over a three year period initially had lower plasma leptin than weight and body composition matched subjects who maintained a stable weight. 15 This latter observation provides con®rmation of the present ®ndings in an adult model. Leptin has been shown to rise with satiation and fall in the fasting state. 16 A lower fasting leptin value may be associated with an increased physiological drive to eat. If energy intake is increased, weight gain would be assisted and a greater rate of weight gain would occur, as observed. In this study, the authors are unable to con®rm this hypothesis, as energy intake over time was not measured.
Of the lipids, plasma total cholesterol demonstrated a positive and signi®cant correlation with weight gain over 12 months and this relationship remained unchanged after adjusting for body fat. A number of large cohort studies have demonstrated an association between cholesterol and childhood obesity, and the tracking of cholesterol and other cardiac risk factors from childhood to adulthood. 6, 7 The authors are not aware of any prospective study addressing the relationship between baseline cholesterol and the degree of further fatness gain.
In contrast to plasma leptin and total cholesterol, no relationship was observed between plasma insulin and weight gain over time. Similarly for the IG ratio, a simple indicator of insulin sensitivity, no relationship was observed with weight gain over time. This ®nding is in contrast to a prospective weight gain study in adult Pima Indians, where a reduced insulin secretion predicted the tendency to gain weight and adiposity after a three-year follow-up period. 17 More recently, the same investigators have reported the opposite ®nding in a cohort of Pima Indian children. 18 In this latter study, plasma insulin concentration at baseline was positively correlated with a prospective rate of weight gain over a mean period of 9.3 y. The discrepancy in results between the two cohorts of children may be because Pima Indian children have a strong genetic predisposition to obesity, 19, 20 were already overweight and hyperinsulinaemic at baseline, 21 and were followed for a longer period of time (nine years).
Recruitment of the present cohort provided a group of children with a broad range of body weights and fatness, whose distribution was found to be similar to the reference population. The biochemical indices measured were within the reference ranges. Girls had a signi®cantly greater mean body fat and lower mean lean body mass than the boys. This ®nding is consistent with known reports in pubertal children and a recent study in prepubertal children aged 3 ± 8 y. 22 This evidence indicates that maturation is not solely responsible for the observed gender difference in body composition, as differences are evident well before the onset of puberty in children. The mechanisms responsible for this early difference in body fat are unclear. Girls also had signi®cantly greater mean values for plasma insulin and IG ratio than boys, suggesting a lower insulin sensitivity. In the present pre-pubertal cohort of children, both insulin and IG ratio correlated strongly and signi®cantly with body fat. When adjusted for percent body fat, the gender differences observed for both insulin and IG ratio disappeared. Thus, gender differences in insulin sensitivity in this cohort can be explained by differences in body fat. No comment can be made on the effect of distribution of body fat, as it was not directly measured in the present study.
Similarly for plasma leptin, a gender difference was observed with girls having a greater mean value than boys. Body fat is also a well established correlate of leptin 23 and in the present prepubertal cohort a strong and signi®cant association between these two variables was observed. However, when adjusted for body fat, the gender difference in leptin values disappeared. This ®nding is in contrast to that reported by Hassink et al 24 who found an increased leptin concentration in girls compared to boys, independent of adiposity. This study's ®nding is also in contrast to that observed in adults, where signi®cantly higher leptin concentrations have been reported in pre-and post-menopausal females, compared to males after adjusting for body fat. 25 The different methods used to determine and to express body fat may account for the difference in ®ndings. An alternative explanation is the prepubertal state of the present cohort. The age range of the children in the study cohort of Hassink et al 24 was higher than in the present study. Consequently their results are representative of children at all ®ve levels of the Tanner stages of puberty. In contrast, in the present study, all children studied were prepubertal. Leptin values in the prepubertal state may be de®ned more speci®cally by body fat and only during puberty is leptin in¯uenced by additional hormonal or maturational factors. It may be that in the prepubertal state leptin is uniquely different from both the post-pubertal and adult state, where a gender difference in leptin values independent of body fat or body mass has been established. Further studies with larger sample sizes are needed to con®rm this.
Conclusion
Two potential biochemical predictors of weight gain over time have been demonstrated in a cohort of Predictors of pre-pubertal weight gain SE Byrnes et al normal weight Australian pre-pubertal children. To the authors' knowledge, this represents the ®rst study to demonstrate an association between plasma leptin and body weight gain in normal weight children. The predictive value of these two biochemical parameters requires con®rmation in a larger sample size in a variety of populations, with a long period of followup. Both plasma leptin and total cholesterol can be easily measured in clinical practice. If the results of the present study are con®rmed over the longer term and in larger numbers, then these ®ndings may represent a method of de®ning the`at risk of obesity' state in childhood.
